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USE OF IGF-I OR ANALOGUES THEREOF IN THE PREVFM 
TION OF DIABETES. PREVEN- 
TS present invention relates to the use of IGF-I or analogues thereof in th. 

The medtcamen, is also useful in preventing beta cell destruction and 
regulating of T cells. action and 

o 

SUMMARY 

el! destrucon, permissive recipients were adoptively transferred wi* T c l 

tw.ce datly. The recp.ents of 7xl 0 6 Mtergasijvvr^elb were followed for 
chmcal man.festations of diabetes and examined for in situ lesio^Ifter lee 
weeks of treatment We observed tha, the admiration of rh^-! dlt 1 

r 0nSe ' ' he *« ofsucLLfu " 

transfers smce dtabefes was observed in only 6/24 (25%, vs 12/21 in 

est JT-srcz ;T ,ed w,,h a m Jd - ^ 

nn e d , d diabe(es despite rh|GF _ ] admtaistrat;on ™, some 

■nf.ltrated Klets, indicating thus that committed T cells were still It , ■ , 
.he islets and cause beta ceil desfrucHon. Three weeks a^ ub e * 

otc.D4 andCD8+T cells m the spleen of experimental mice. To further 
elucdate whether rhlGF-1 could influence the hommg of commuted T ell,, 
adoptively transferred congenic NOD N Thv l i commuted T cells, we 

mni . ' : congenic INUU-N Thy-1,1 mice with T cells from diabetic 
NOD Thy-1,2 mtce and monitored the numbers of Thy-1,2 + T cefls p " en m 
lymphoid organs after three weeks of treatment The adminis trauono frWC V , 
was found to reduce significantly the percentage of Thy-1 2-Tc* m I 
spleen 10.8*1.3% vs 17 2+39% n-OOOali,, . V 1 cells in the 

vs 72.87+6 2 p-0 306. TW ^ u '° "* ehymUS «*-«±7.9% 

6.2, p-0,306). The fmdmgs that rhlGF-1 has protecrive effects and may 
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INTRODUCTION 

The non-obese diabetes fNOn , ™ 

diabetes resembling hu^eT^XT^r " ^ « = P ~- 
from the progressive islet inv,!^ ... L " T™ 8 "" diabetes ' *ch 

results 

cells (U>. ™, spontaneous di e^l "I deStmCti ° n * '"^ T 
studying the autoreactive T cellstvTT 1 ' """i 116 "WW"'* of 
and of settling preventive l^l 'tT T" " «" d ~>" 
number of eommitted T ceils in L ,„ , ""^ °' disease ' ^ 
res P ec«vecon Wbuno ^?J*; b P^ of ^^'-nima,s ( 3,andthe 

Insulin like growth factor-I (IGF-1) a 7 1 

to insulin, is nomally * JJ~° d » structurally related 

many effects of growth hormone . p^C* ™« ** mediates 
during the prediabenc phase (S) as 3 , ° f NOD m «e 

recipient of autoreactive T cek *^fflz£T*T " ^ 
shown to prevent and/or de!ay the oXj H „ W been 

of insulitis. Similar results have been 111, T * e verity 

another animal model of spools T"** ™ 88 ra,s f 7 - 8 '- "hich as 

majoranHgemccompo^ro Sr:: I" mediab6t " > * 

experiments whether insulin protected ^ 

« unresponsiveness of the inTmu^e slmT ^ " 

The present study was underb,1«m . . * 

cell transfer experiments. miCe usin S adoptive T 

THE INVENTION 

The invention relates to the use of irp r n 

manufacuare of a medicamj " ^ *™° f *« 
delaying the clinical onset o, ^ * ««« <» 

IGF-I has also shown to have a protectivi A. . 



diabetes and in the regulation of T cells^ in subjects which are at high risk of 
developing diabetes. 

The invention relates to a method for treating patients having the above 
mentioned problems by administration of IGF-I or analogues thereof. 

Possible daily dosages of IGF-I are 20 to 500 ug/kg or preferably 20 to 250 
ug/kg or more preferably 100 to 200 pg/kg. 

] 

j 

5 figures are illustrating the results of the experiments. 

Figure 1 Cumulative incidence of diabetes in four independent in mice 

Figure 2 Severity of insulitis and destructive lesions 

Figure 3 Immunodetection oflThy/^,2 + T cells in the islets of congenic 

NOD-N Thy-1,1 mice//. 
Figure 4 FACS analysis of Thyl4,2+ V cells within the spleen of a 

congenic NOD-N Thy-1,1 mouse 
Figure 5 FACS analysis of T}ly-l,2 + T cells within the thymus of a 

congenic NOD-N Thy-1,1 mouse 



MICE AND METHODS 
1. Mice 

NOD mice were bred under standard conditions in our own facilities. The 
incidence of spontaneous diabetes in our colony reached 80 % in females by 30 
weeks whereas diabetes occurred in only 20 % of males in the same period. 
Congenic NOD-N Thy-1,1 mice initiated from a cross between NOD/Lt and a 
diabetes resistant strain NON/Lt were obtained from Ed. Leiter, Bar Harbor 
Michigan (10). Diagnosis of diabetes was characterized by polydipsia, weight 
loss, glycosuria (Urine chemstrips, Ames-Bayer, Germany) and persistent 
hyperglycemia (Blood glucose chemstrips, Lifescan USA). Diabetic NOD 
females served as donors of autoreactive T cells. Four different experiments of 
adoptive cell transfer of diabetes were performed using 46 male recipients and 
22 diabetic females. 
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2. Cells 

Splenocytes from diabetic mice were isolated in Hanks' balanced salt solution 
(HBSS) and enriched T cell populations were obtained by filtration through 
nylon wool columns eluting 20 to 25 % of the initial cell preparation. More than 
5 90 % of the final cell suspension was from the Thy 1,2+ phenotype during flow 
cytometry analysis. After numeration and viability evaluation, 7.10^ T cells 
were i.v. injected into 8 to 10 week-old irradiated NOD males (750 rads) 
according to the method of Wicker et al (3). 

3. Protocol of treatment 

Fast-acting insulin stock solution (Actrapid HM, Novo Nordisk Copenhagen, 
Denmark) was prepared with a 9 %o NaCl solution at a final concentration of 5 
U/ml. Recombinant human IGF-1 (rhlGF-1) was obtained from Dr Anna 
Skottner (Kabi Pharmacia, Stockholm, Sweden) and aliquoted to a final 
concentration of 100 pg/ml. The day following adoptive cell transfer, mice were 
s.c. injected twice daily lOOpl containing either 0.5 U of insulin, lOpg of rhlGF-1 
or saline. Recipient mice received approximately 30 U/kg/day of insulin and 
0.6 mg/kg/ day of rhlGF-1 over a period of three weeks. The onset of glycosuria 
was monitored daily starting at day 15. 

4. Histologic procedures 

All mice were killed by cervical dislocation. Pancreatic glands were excised and 
processed for conventional histological studies after fixation in Bouin's alcoholic 
25 solution. Five jim sections were stained with haematoxylin-eosin, as described 
previously (6). The severity of insulitis was scored for at least 25 islets for each 
specimen, wherein islet cells which had no visible sign of inflammation were 
scored 0, islets which had lymphocytes at the periphery i.e. peri-insulitis were 
scored 1, islets which were mildly infiltrated (<40 %) were scored 2, islets which 
30 were completely infiltrated were scored 3. The percentages of islets of each 
category were compared between the different groups of mice. The number of 
beta cells was determined by immunohistochemistry on fixed sections, using an 
anti-human insulin monoclonal antibody (Novoclone HUI 018, NovoBiolabs, 
Bagsvaerd Denmark) diluted 1:50 and an anti-human pro insulin monoclonal 
35 antibody (Novoclone HPUI ). An FITC rabbit anti-mouse IgG (Dako, 
Burlingame USA) dilution 1:50 was used as a conjugate. 
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5. T cell subset analysis 

After 3 weeks of treatment, spleens from experimental animals were subjected 
to T cell subset analysis using an anti-Thyl,2 (clone 30H12), anti-L3T4 (clone GK 
1,5) and anti-Lyt2 (clone 53-67) rat monoclonal antibodies and a FITC- 
conjugated anti- rat IgG kappa antibody (MARK-1, Biosys, Compiegne France). 
To evaluate the influence of rhlGF-1 treatment upon the homing of autoreactive 
T cells, the percentages of Thy-1,2 + T cells injected into NOD-N Thy-1,1 
recipients were determined in lymphoid organs by FACS analysis as well as in 
islet infiltrates by immunohistochemical procedures on pancreatic sections. 

6. mRNA studies 

In order to study the number of mRNA transcripts for insulin in the pancreas of 
experimental mice, the total RNA content was precipitated in 4M guanidine 
thiocyanate and then in 7.5M guanidinium hydrochloride (Sigma, St-Louis MO) 
solutions and extracted in chloroform-butanol (100/24, vol/vol). Four different 
concentrations of ARN ranging from 2.5 to 20ug were hybridized on nylon 
membranes with P32-labelled cDNA rat proinsulin probes(obtained from C. 
Dagorn, Marseille France). Films were analyzed by densitometry scanning after 
24 hrs of exposure period. 

7. Statistical analysis 

The effects of treatment on diabetes transfer were analyzed using the Wilcoxon 
test. Scores of insulitis were compared using Student't test for unpaired 
samples. 

RESULTS 

Effects of rhlGF-1 treatment on T cell transfer of diabetes 
In order to evaluate the effects of hormonal treatment on the diabetes transfer 
capacity of autoreactive T cells, we initiated the injection protocol on the day 
following the adoptive T cell transfer and continued for an overall period of 
three weeks. The effects of rhlGF-1 on blood glucose levels were determined in 
' a separate experiment. Glucose levels dropped significantly (81.5+0.7 mg/ dl) 30 
minutes after a single s.c. injection of 10 ug of rhlGF-1, and after 2 hours 
increased above normal values (181±19.8 mg/dl) before returning to baseline. 
During the treatment period, the effects of rhlGF-1 on body weight were 
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monitored every two days. rhlGF-1 was able to maintain the body weight of 
recipient mice, in contrast to saline and /or insulin injections, (Table I). 
However, these effects were closely dependent on the presence of clinical 
diabetes. 

5 The occurence of clinical diabetes was determined in rhlGF-1 treated mice and 
compared with saline and insulin treated groups. Diabetes was detected in only 
6 out of 24 (25 %) mice treated with rhlGF-1, in contrast to 12/21 (67 %) in 
control mice and 6/14 (42.8 %) mice treated with insulin. Insulin like growth 
factor- 1 was associated with a significant reduction in diabetes incidence 
M* 10 (p=0.016) as shown in Figure 1 with a significant delay in the clinical onset of 
2 the disease. In addition, insulin-treated mice (p-0.01) also had a significantly 

m lower incidence rate of diabetes than control mice. The treatment of diabetic 

O NOD females with rhlGF-1 twice daily over a period of 7 days prior to transfer, 

j|J failed to modify the number and degree of activation of the autoreactive T cells 

00 15 contained in the spleens of experimental animals and the diabetes incidence 
curves were found to be the same after one month. 
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Histological studies 

The severity of insulitis was quantified and a comparison was made between 
^ 20 the different experimental groups of animals. As shown in figure 2, when 

compared to sham-injected mice, mice that had been treated with rhlGF-1 were 
found to have a higher percentage of normal (e.g. non infiltrated) islets 
(48.6±12.1% vs L62±l.l%, p=0.001) and a lower percentage of islets with mild 
(15.8±5.1% vs 31.5±2.8%, p=0.016) or severe insulitis (22.43±8.8% vs 59.82±6.5%, 
25 p=0.003). However, no significative difference was found in the percentage of 
peri-insulitis (7±4.5 % vs 13.1±5.8%, p=0.424). 

Interestingly, islets from 4/12 mice which received rhlGF-1 were free from 
lymphocytic infiltration in contrast to 0/11 mice in the control group. Thus, 
rhlGF-1 reduced both the intensity and the prevalence of insulitis. 

30 

Effects of rhlGF-1 on insulin synthesis 

Although the number of intact beta cells was higher in rhlGF-1 treated animals, 
no difference was noticed in the intensity of the fluorescent pattern of the 
remaining beta cell at the end of the treatment period in mice that had been 
35 treated with either rhlGF-1 or with saline. In addition, the levels of mRNA 
transcripts for proinsulin in non diabetic mice during dot blot analysis were 
comparable in both situations, thus indicating that at the doses used in the 



present experiments rhlGF-1 does not modulate significantly the rate of insulin 
synthesis. 

Effects of rhlGF-1 on T cell homing. 

Because insulitis is a T cell phenomenon, we suspected that rhlGF-1 might 
interfere with the kinetics of the migration of committed T cells to the pancreas. 

* J-j^vely transferred with T cells from 

[rred in 3/6 mice that had been 
treated with rhlGF-1, after 3 
feet was also associated with a 
hich were composed exclusively 
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Congenic NOD-N Thy-1,1 males were 
diabetic NOD Thy-1,2 animals. Diabete^ 
treated with saline and 0/6 mice that hj 
weeks of treatment. This apparent prote^ 
decrease in the severity of islet cell inffltrl 

by T cells from donor origin with no f ruitment of host T cells as shown in 
Lre3 Whenanalyzedinindividuafmice,thenumberofThy-l,2 + T cells was 
found to be significantly lower in the spleU of treated mice with rhlGF-1 in 
comparison with control mice (Table III aAd figure 4), although no significative 
difference was noticed within the thymus (figure 5). 
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DISCUSSION . 

The adoptive T cell transfer model in the NOD mouse explores in vivo the 
capacity of autoreactive T cells to cause destructive lesions and ultimately type I 
diabetes. In the present study, we have demonstrated that rhlGF-1 is able to 
reduce the capacity of large amounts of committed T cells from invading NOD 
islets during adoptive T cell transfer. These results reproduce those previously 
obtained with human insulin (6). However, the present experiments clearly 
demonstrate that rhlGF-1 is more potent than insulin in preventing diabetes 
transfer at concentrations 10 times less to those giving comparable metabolic 
effects in diabetic rats (11). Despite the injection of high numbers of autoreactive 
T cells rhlGF-1 was found to delay the time of onset and to reduce the maximal 
frequency of clinical diabetes. In addition, strong histological evidence indicate 
that rhlGF-1 prevents massive islet cell invasion and fully protects one third of 
the treated mice. 

There are distinct classes of mechanisms which may be responsible for the 
■ iTenTon of beta cell destruction by IGF-1. First, the effect may be on the beta 
cells. Specific receptees on the surface of beta cells as well as local ° f 
this growth factor have been identified (12). Recently, an enhanced IGF-1 gene 
expression has been shown in regenerating rat pancreas after partial 
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pancreatectomy (13,14). However, we were unable to find any difference in the 
number of insulin and /or proinsulin positive cells within the islets. However, , 
the conservation of insulin-producing beta cells was associated with a marked 
reduction in islet infiltration, suggesting that the contribution of beta cell 
regeneration was not essential. Insulin-like growth factor 1 may also on the 
other hand, be considered as a regulator of insulin release in view of its 
inhibitory effects at physiological concentrations (15). Although the hypothesis 
of beta cell rest formulated during early and prolonged insulin therapy (5) 
might also be evacuated, no difference was noticed in the intensity of insulin 
staining of the beta cells and in the number of mRN A transcripts for proinsulin. 

The observation of pancreatic glands free from insulitis under rhlGF-1 
treatment, suggests another mechanism that occurs prior the late activation 
process of infiltrating T cells by eliminating or inactivating the functional 
properties of autoreactive T cells necessary for beta cell destruction. 
Recombinant hlGF-1 may exert these feffects directly on lymphoid cells, since in 
vitro suppression of T cell response tolconcanavalin A or allogeneic stimulation 
can be achieved in a dose dependent nianner (16). Many actions of growth- 
hormone on the immune system may be mediated by IGF-1 which is also 
produced by peripheral leukocytes (171. Recent observations suggest that 
activated T lymphocytes possess recepthjrs for IGF-1 (18-20). In addition, several 
reports indicate that IGF-1 may influendb th>mie epithelial cell function in vitro 
(21) and induce thymocyte replication/aj\d^|fferentiation in streptozocin 
induced diabetic rats (22). Mice which^ 
found to have an increased spleen anc 

number of lymphocytes in these organs, preferentially T cells from the CD4 
phenotype (22). We did not observe any difference in the number of T cells in 
the lymphoid organs and in the relative contribution of T cell subsets within the 
spleen, probably because of lower doses of rhlGF-1 used in the present study. 
Moreover, treatment of diabetic females withVhlGF-1 failed to reduce the 
capacity of spleen cells to transfer the disease, ^suggesting that the number and 
degree of activation of autoreactive T cells werfe not modified. 



> 4 mg/kg per day of rhlGF-1 were 
Us weight, due to an increase in the 



The effect may be also on the mechanisms of T ^ell trafficking into the islets 
during the 10 days period after T cell inoculation that precedes islet cell 
invasion (23). T cell homing to the pancreas and endothelial-lymphocyte 
interactions might be regulatory events. Reconstitution of the thymus of 
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irradiated congenic NOD-N Thy-1,1 recipients with Thy-1,2+ T cells was not 
influenced by rhlGF-1. The significant reduction in the number of T cells from 
donor origin noticed within the spleen may contribute to the protective effects 
of IGF-1 during adoptive T cell transfer. A reduction in the number but not in 

5 the degree of activation of autoreactive T cells may explain why rhlGF-1 treated 
mice are not fully protected and why diabetes can still occur. 
From the present observations, rhlGF-1 should be considered as an important 
regulator of autoreactive T cells through autocrine but also endocrine actions, 
which might have clinical consequences during the prediabetic phase in human 

10 type 1 Diabetes. 

LEGENDS OF FIGURES \ 

Figure 1: Cumulative incidence of diabetes in four independent experiments 
following adoptive T cell transfer in 24 mice injected twice daily with 10ja 

15 rhlGF-1 (open circles) and 21 coritrol mice injected with saline (closed circles). 
Figure 2: Severity of insulitis andvdestructive lesions of recipient mice according 
to treatment with saline (dark columns) or rhlGF-1 (open columns). Results are 
mean percentages± SE from 24 individual mice from two independent 
experiments. 

20 *: p<0.05 / **: p<0.01. 

Figure 3: Immunodetection of Thy-l\2 + T cells in the islets of congenic NOD-N 
Thy-1,1 mice three weeks after adoptive cell transfer of diabetes using 7x106 T 
cells from NOD Thy-1,2 diabetic doners. Panel^ illustrates a severe insulitis in 
a control mouse. Panel B represents a peri-insuwtis in a mouse treated with 
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Figure 4: FACS analysis of Thy-1,2 4 " T cells'within the spleen of a congenic 
NOD-N Thy-1,1 mouse, three weeks after sub-lethal irradiation and inoculation 
of Thy-1,2 4 " T cells from diabetic donors. .PaftdjA represents the results in a 
control NOD-N Thy-1,1 mouse. Insulir/like growth factor-1 significantly 
30 reduced the number of Thy-1,2 4 * in the spleen (Ijanel B) in comparison to saline 
(Panel C). / ' 

Figure 5: FACS analysis of Thy-1,2 + T cells,within the thymus of a congenic 
NOD-N Thy-1,1 mouse, three weeks after sub-lethal irradiation and inoculation 
of Thy-1,2 4 " T cells from diabetic donors. Panel A represents the results in a 
35 control NOD-N Thy-J,l mouse. The effects of rhlGF-1 upon the reconstitution 
of the thymus after T cell transfer are shown in Panel B and are compared to 
saline injected mouse (Panel C). 
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TABLE I. Variation in the body weight of experimental mice injected with IGF- 
1, insulin or saline over a period of 3 weeks. Each value represents the mean±SE 
(n). 



Treatment Weight (g) p va i ue 

Day 1 Day 21 

Saline 30.13±0.38 (n=22) 28.71±0.49 (n=21) 0.027 

Insulin 29.61*0.39 (n=17) 28.13±0.44 (n=14) 0.018 

rhlGF-1 29.63±0.34 (n=24) 29.68±0.52 (n=24) 0.946 
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TABLE II. Flow cytometry analysis of Thy-1,2+ L3T4+ and Lyt-2+ T cells in 
the spleens of experimental mice treated with rhlGF-1 or saline. Results are 
mean ±SE of individual analysis performed on 12 different mice from each 

group- 
Treatment Percentage of cell population 



Thy-1,2+ L3T4+ Lyt-2+ 

Saline 14.78±l.u5 14.98*0.76 6.63±0.39 

rhlGF-1 21.95±1.87 12.72±.148 5.19±.0.62 



p value 0.266 



0.258 



0.104 
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TABLE III: Percentages of Thy-1,2+ T cells in the spleen and thymus of 
experimental congenic NOD-N Thy-1,1 mice three weeks after sub-lethal 
irradiation and adoptive transfer of 7xl 0 6 Thy-1,2+ f rom diabetic donors 
Results are the mean±SE of 12 individuals mice. 
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Thymocytes Splenocytes 
n(xl06 } % 0 fThy-l,2 + T cells n(xlQ6) %ofT hv-l,2 + TCells 



rhlGF-1 36.8 ± 2.3 68.43 ± 3.2 60±2 . 4 10 . 86±0 . 5 
15 (n=6) 

saline 35.1*1.5 72.88±2.5 5 6 ± 4.8 1719*16 
(n=6) 
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p value 0.559 0.306 0 .102 0.004 
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